The aims of this in vitro study were to evaluate debris and smear layer elimination capability o effectiveness of 5.25% sodium hypochlorite (NaOCl) after calcium hydroxide removal from the root canal and to determine if ethylenediaminetetraacetic acid (EDTA) and citric acid have any additional effects on debris and smear layer removal.
Introduction
Calcium hydroxide has been advocated as an intracanal medication in the treatment of necrotic teeth. [1] [2] [3] Comparative studies have shown calcium hydroxide was superior to any other intracanal medication in drying persistently wet canals 4 and achieving elimination of organic debris and remaining bacteria.
5-10
Although it is not fully understood, it is hypothesized calcium hydroxide would act through its Ca ++ and OH -ions by altering bacterial lipopolysaccharides. 11, 12 However, in 1990 Ørstavik and Haapasalo 4 found calcium hydroxide to be ineffective against a tubular infection with E. Faecalis, a microorganism isolated in teeth with failing root canal therapy. 13 This emphasizes intracanal medication is not a substitute for thorough canal shaping and cleansing. Calcium hydroxide may be present as debris, mixed with debris on canal walls, or incorporated into the smear-layer. According to Tatsuta et al., 14 all irrigants seem to easily eliminate calcium hydroxide from the canal walls. However, other authors 15, 16 support the position calcium hydroxide is difficult to eliminate.
The aims of this study were to compare under scanning electron microscopy (SEM) the cleanliness of root canal surfaces after the removal of calcium hydroxide with three different irrigation regimens and to determine if (EDTA) and citric acid have any additional effects on debris and smear layer removal.
Methods and Materials
Thirty-six recently extracted maxillary and mandibular single rooted human teeth with necrotic pulps were selected. The teeth were stored in 2.5% glutaraldehyde solution without rinsing.
The necrotic status of the pulp was confirmed before each extraction when a periapical lesion was evident on a periapical radiographic film and there was a negative response when the electric pulp tester (Parkell, Farmingdale, NY, USA) was used. Teeth with previous root canal therapy were excluded from the study.
This evaluation was done to eliminate teeth with a severe buccolingual canal curvature (eventually lateral maxillary incisors) and to choose the best direction for root sectioning (buccolingual or mesiodistal).
to determine the working length by passing through the apical foramen and then pulling the file back to the level of the apical foramen. This was done using an operatory microscope (Karl Kaps SOM22, GmbH & Co, Germany) at 4X magnification. 
Calcium Hydroxide Filling
The thirty-six canals were randomly assigned to three groups of 12 each. Calcium hydroxide and bidistilled water were mixed to achieve a toothpaste consistency and placed inside the canals using an amalgam carrier and root canal pluggers (Hu-Friedy , Chicago, IL, USA) until the mixture extruded from the apical foramen. A radiograph was taken to confirm the complete filling with calcium hydroxide. Cavit G ® (Espe, Seefeld, Germany) was used to fill the access opening. The roots were then placed in a naturalwater saturated sponge and incubated in 100% relative humidity at 37°C for seven days.
Calcium Hydroxide Removal
The teeth were taken out of the incubator and the Cavit G ® was eliminated. The calcium hydroxide was then removed from the canal using three different regimens:
Group 1 NaOCl or Control: The access cavity was irrigated with 5.25% NaOCl, and then a #15K ultrasonic file mounted on piezoelectric handpiece (Pmax, Satelec, Mérignac, France) was activated for two minutes in the canal with continuous NaOCl irrigation.
Group 2 NaOCl-EDTA:
The access cavity was flushed with 5.25% NaOCl; an ultrasonic #15 K file mounted on piezoelectric handpiece (Pmax, Satelec) was activated for two minutes in the root canal with continuous NaOCl irrigation. A solution of 17% EDTA (3 cc) was delivered with a disposable 3 cc syringe and 27 gauge needle (Ultradent Products, Inc.) was carried by a 15 K file into the apical region of the canal using a push-pull motion and left in place for one minute. Again, a #15 ultrasonic K file was activated for two minutes with continuous NaOCl irrigation using the same piezoelectric handpiece. Group 3 NaOCl-CA: An ultrasonic #15 K file was activated for two minutes with a continuous NaOCl irrigation. A 50% citric acid solution was carried into the apical region by a #15 K file and left for one minute. Again, a #15 ultrasonic K file was activated for two minutes with a continuous NaOCl irrigation.
SEM Observation
Crowns were sectioned at the cemento-enamel junction with a diamond coated lens bur (Intensiv ® , Switzerland). Utilizing a 169 fissure carbide bur (Komet ® , Brasseler, Lemgo, Germany), the roots were grooved in buccally and lingually without penetrating into the canal space. The roots were then split in half ( Figure 1 ) by placing a cement spatula in the grooves and applying pressure.
The fractured halves of each root were dried and mounted on a single aluminium stub, sputtercoated with gold (200 Å) in a high-vacuum evaporator (JFC -1100E Ion Sputter, JEOL, Inc. Peabody, MA, USA), and observed using SEM (JSM-5310 LV, JEOL, Inc. Peabody, MA, USA) at high magnification (1500X) at the coronal, middle, and apical levels of each root half.
Quantitative SEM Evaluation
The amount of debris and smear layer on the canal walls were rated using a grid placed on each microphotograph and a 5-step scale method. 17 Three different calibrated investigators examined and scored the microphotographs. The scoring systems for debris and smear layer are, respectively, described in Tables 1 and 2 .
Statistical Analysis
Mean debris and smear layer scores were calculated for the three groups and statistically evaluated using the Kruskal-Wallis and MannWhitney U tests (α=0.05).
Results

Debris Score
All irrigation regimens left debris on the canal walls at the three levels investigated (coronal, middle, and apical third) (Figures 2 and 3 ).
In the coronal third, groups NaOCl-EDTA and NaOCl-CA had similar mean debris scores which were less than the NaOCl control group. Differences in the mean amount of debris with NaOCl group were highly significant (p<0.001; Kruskal-Wallis test).
In the middle third, significant differences were recorded between the three groups (p<0.001). More debris was found in group NaOCl-CA than in group NaOCl-EDTA. The control group showed the least amount of debris. In the apical third, control group and NaOCl-EDTA showed the same mean debris score which was less than NaOCl-CA group (p<0.001) (Figure 4 ).
The total evaluation of surface cleanliness from debris achieved with the three protocols also showed statistically significant differences with respect to the irrigation regimens (p<0.001).
Results obtained with 17% EDTA solution on the total surface of the canal walls suggested EDTA Figure 1 . SEM appearance of a specimen divided into three sections (coronal, middle, and apical) taken at 35X magnification. Figure 5 ).
Smear-layer Scores
All irrigation regimens left some smear layer on the canal walls ( Figure 6 ). Smear-layer scores for all groups are shown in Figure 7 .
For the coronal third, the mean amount of smear layer scored in NaOCl-CA group was the lowest followed by NaOCl-EDTA group and NaOCl group, respectively. Differences between the three groups were statistically significant (p<0.001).
In the middle third, NaOCl-CA group showed the lowest amount of smear layer followed by NaOCl-EDTA group and control group, respectively, with a statistically significant difference between groups (p<0.001, Kruskal-Wallis test). In the apical third, NaOCl-CA group was significantly cleaner than NaOCl-EDTA group and control group. Differences between the three groups were statistically significant (p<0.001). For the total surface of the canal, comparison of the remaining smear layer between the three groups showed a statistically significant difference (p<0.001) ( Table 4 ). Dentinal tubules of the canals treated with citric acid were significantly cleaner than those treated with EDTA or NaOCl alone.
Discussion
It has been demonstrated the elimination of microorganisms from the root canal system determines the success of endodontic therapy, particularly in cases with pulpal necrosis and periradicular lesions. The aim of keeping calcium hydroxide in root canals for at least one week 5, 18 is to disinfect the dentin of necrotic teeth. However, different results have been obtained in the in vitro evaluation of the antimicrobial activity of calcium hydroxide depending on the vehicle used and the microorganisms tested. [19] [20] [21] This can be related to the complexity of the root canal system which favors the persistence of some microorganisms or biofilm. Calcium hydroxide antibacterial activity may be based on the close contact with lethal hydroxyl ions. Some bacteria may be lodged in the dentinal tubules 22 and, thus, evade these ions.
In addition to the potential of some microorganisms remaining in the canal, even after the application of calcium hydroxide, another problem can develop. In routine canal treatment the calcium hydroxide medication is removed by instrumentation and by irrigating the canal with NaOCl solution. Clinically, it is impossible to confirm the removal of all calcium hydroxide from the irregular canal walls. Ricucci and Langeland 23 reported an endodontic treatment failure due to incomplete elimination of calcium hydroxide. According to Porkaew et al. 16 calcium hydroxide can react to form resorbable calcium carbonate, which over time is likely to create voids at the root-filling interface, thus, affecting the long-term outcome of the root canal treatment. Residuals of calcium hydroxide can also mix with the smear layer, thus, their complete removal can become problematic. 24, 25 McComb and Smith 26 were the initial investigators to show the presence of a smear layer in instrumented root canals. The literature is now replete with numerous reports advocating the use of various methods to remove this smear layer. The smear layer created during canal instrumentation is composed of tooth structure and some non-specific inorganic contaminants. When root canals are filled with calcium hydroxide, this inorganic material is added and mixed with the smear layer. According to Takeda et al., 27 this can constitute a negative influence on the sealing ability of root canal filling materials.
Despite controversy regarding the effect of debris and smear layer on the quality of the obturation, 28 it may be prudent to remove the smear layer in teeth with infected root canals to facilitate disinfection and obturation of the entire root canal system. Various acids, ultrasonic instruments, and lasers have been used to remove the smear layer. 29 Previous SEM studies evaluated debris and smear layer scores on canal walls prepared with hand instruments and engine-driven techniques. 17, [30] [31] [32] However, evaluation of debris and smear layer scores on canal walls with calcium hydroxide residuals have not yet been reported. In the present study the effectiveness of three irrigation regimens in eliminating the debris and smear layer after calcium hydroxide removal were evaluated.
According to the results of this study, the presence of remaining debris and smear layer varied. In terms of debris scores, NaOCl-EDTA obtained the best over all result on the radicular surface.
A surprising and interesting finding was the ability of hypochlorite alone (control group) to remove debris better than citric acid. However, the crystals or debris found in the citric acid group could be calcium hydroxide. However, a reasonable speculation may be the very high concentration of Ca and PO 4 created from the decalcification of the smear layer may trigger the precipitation of these ions in some areas causing crystallization. 33, 34 This suggestion explains the presence of debris in the citric acid group. In contrast, the smear layer was eliminated more effectively with citric acid than with either EDTA or NaOCl (control group).
Another speculation could be the time of irrigation (a total of five minutes for the elimination of calcium hydroxide). Even in association with ultrasonic devices, irrigants cannot dissolve debris. Their action is only mechanical and relies on a liquid volume which reaches the middle and apical thirds of the root canal. This volume is certainly less than in the coronal third.
Regarding the smear layer, citric acid was the most efficient in all regions of the canal. These findings corroborate the results of a study conducted by Baumgartner et al. 33 who evaluated the amount of superficial debris and the smear layer remaining on the canal walls after using a combination of NaOCl and 50% citric acid. They showed citric acid or a combination of NaOCl and citric acid were more effective than NaOCl alone to remove the smear layer from the surface of the instrumented canals. Goldman et al. 35 reported the effects on the removal of the smear layer obtained with citric acid were similar to those obtained with EDTA, but citric acid was less cytotoxic to tissue than EDTA. 36 EDTA has been shown to be a potent inhibitor of macrophage adherence, 37 possibly by preventing the binding of vaso active intestinal peptide (VIP) to the macrophage, altering the inflammatory mechanisms involved in periradicular lesions. 38 Therefore, a controlled delivery of EDTA is important to prevent possible apical extrusion. 39 Yamaguchi et al. 40 noted citric acid antibacterial capability; they also observed calcium extraction from a resin mixture was actually more effective using citric acid solutions than 10% EDTA. According to Di Lenarda et al., 41 one of the main problems associated with using citric acid is its very low pH.
Irrigation of the canal with both citric acid and sodium hypochlorite ensures neutralization of the previous irrigant, with a drastic modification of the pH inside the canal and the liberation of gaseous chloride.
Conclusion
Under the conditions of the present study, the simple use of citric acid is efficient in removing the smear layer from the canal walls. However, citric acid is less efficient than EDTA for removing debris from the middle and apical regions of the canal. The effectiveness of citric acid 50% on the smear layer with a short application time (compatible with normal clinical usage) makes it suitable for clinical use.
The unanswered question is whether debris and the smear layer are more difficult to eliminate when mixed with calcium hydroxide. Further investigations are necessary to elucidate the role of this widely used intracanal medication in the persistence of debris or even a smear layer.
